Effective potential calculation of the MSSM lightest CP-even Higgs boson mass by Zhang, R J


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































to the same two-loop QCD order was also computed
4
using an
explicit diagrammatic method. These calculations incorporate both two-loop
logarithmic and non-logarithmic nite corrections. In the following, I shall
concentrate on the eective potential approach.
The general way of calculating corrections to CP-even Higgs boson mass
is to compute Higgs self-energy and tadpole diagrams to the required loop
order. In an eective potential approach, these diagrams can be derived from a
generating functional, i.e. the eective potential, by taking explicit derivatives
with respect to the Higgs elds. These quantities then enter the MSSM CP-





































































represents radiative corrections to the ij-entry. We note that all
these corrections are computed at the zero external momentum limit; some-
times it is necessary to calculate self-energy diagrams directly to account for
corrections from non-zero external momenta.
The CP-even Higgs boson masses can be calculated by diagonalizing the
above matrix in eq. (2). This computation is tedious but can be greatly








is the mass of
the pseudoscalar A
0




























) + Re 
hh
(0) : (3)
where V is the eective potential, v the Higgs eld VEV, and the last two
terms account for non-zero external momentum corrections.





corrections. To illustrate our analysis,
we present an approximation formula which is derived under the following as-
sumptions: the soft masses for left and right stops, gluino, heavy Higgs bosons




can be identied as the


















































+ = tan  is the
left-right stop mixing parameter.
We nd the approximation formula for two-loop QCD+top Yukawa cor-
rections is
6















































































































































































































































































as well. This approximation formula is good to a level
of 0.5 GeV for most of the parameter space.







. The dotted, dot-dashed and solid lines cor-
respond to Higgs boson masses calculated to the orders of one-loop, two-loop QCD and
two-loop QCD+top Yukawa respectively.
Fig. 1 shows the Higgs boson mass m
h
0




, for dierent choices of M
S
,  and tan . The two-loop QCD corrections
agree well with other approaches
4
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one-loop values by 10   20 GeV depending on the parameter choice. Two-




' 2 two-loop Yukawa corrections can increase m
h
0
by about 5 GeV.
Another interesting feature observed in the literature
4;5
is that two-loop







6. It is easy to see from eq. (4) that the size of shifts is about




' 2. This is conrmed by Fig. 1.
Finally, renormalization group resummation technique can be used to
derive a particularly nice mass correction formula which has clearer physical
interpretations. We nd eq. (4) can be transformed into the following form
















































































































, v and m are the Standard Model MS parameters. These choices of scales
for evaluating one-loop corrections automatically take into account two-loop




is understood as two-loop threshold corrections and numerically
small; its detail form can be found in a forthcoming paper
6
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